Abstract. This work presents a review of recent literature in intelligent school transportation frameworks, particularly focusing on route planning, real time vehicle and children tracking. The focus on route planning and tracking is to identify the hidden practical problems and threats present in school transportation, bearing in mind safety. Different methods and technologies used for route planning and vehicle as well as children tracking are reviewed. A discussion is provided on the current frameworks along with the challenges and future research direction.
Introduction
School Transportation System (STS) is safety critical which involves school children (students) who are the most vulnerable users of roads [1] . Recent events and accidents highlighted the need for improving the existing school transportation and bus monitoring systems [52] , [53] . Statistics demonstrate that in England alone 85,814 children were wounded near the schools during the period 2007 to 2013, which is equivalent to 1,190 a month [2] , [3] . Moreover, during the period 2006 to 2011 there were 557,200 vehicle collisions around schools [2] , [3] . As a result, proper safety route planning and monitoring strategies for school vehicles and children are in high demand [4] , [5] . Efforts to reduce school transport injuries have begun through constraint-based school bus routing [12] and peer to peer children monitoring [13] while they are on route. Recent innovations [6] - [8] in STS, gave birth to Intelligent School Transportation Systems (ISTSs), which addressed some of the issues [9] , [10] , [11] in STS such as optimal routing of school vehicles, continuous monitoring of school buses and children. An ISTS incorporates the innovation and adoption of recent technologies to create applications for the benefit of school transportation. Major technologies involved in ISTS are school bus route planning systems, school vehicle-children tracking and monitoring systems. School bus route planning systems rely on the history of School Bus Routing Problems (SBRPSs) which have been studied since the first published work by Newton and Thomas in 1969 [14] . There are only limited publications available for reviewing school bus routing problems [15] - [17] . Junhyuk and Byung-in Kim [17] describe school bus routing problems for a fleet of school buses as an efficient schedule planning, where children are picked up by each bus from various geographical locations and delivered to their respective schools, while satisfying a set of constraints. The main reasons behind the school bus routing problems were frequent changes in the number of children per stop, rerouting during temporary roadworks and traffic jams. According to Desrosiers et al. [15] , there are five steps to reduce school bus routing problems, namely, data preparation, bus stop selection, bus route generation, school bell time adjustment and route scheduling. Parents spend more time on the streets and making phone calls while waiting for school buses due to the unpredictable nature of the traffic, particularly during the winter months. For this very reason, vehicle-children tracking systems were made. School vehicle-children tracking is a process of tracking the school bus and children inside it using tracking devices such as the Global Positioning System (GPS) [38] and Radio Frequency Identification (RFID) systems tags [39] , which are commonly used in tracking technologies. The tracked data may be utilized by the school transportation department and shared with parents to let them recognize the location of their children. Most of the published work so far on ISTS have focused on route planning systems and only limited work has been done to address the whole school transport system [18] , [19] . In this paper, a review of recent studies in intelligent safety school transportation systems with a focus on route planning and tracking is presented. A fresh perspective and functions for an ISTS framework are provided along with the challenges and further research direction.
Intelligent school transportation systems
It was indicated earlier that ISTSs attempt to provide safe and secure transportation for school children through design, development and integration using appropriate technologies. However, limited works have been done so far in addressing this for school transportation and child safety. A recent Europe funded project conducted in Sweden "SAFEWAYTOSCHOOL" provided a holistic and safety framework for children [1] , [11] , [18] , [19] , [38] . This project addresses most of the difficulties faced during school transportation through a door to door approach (between home and school). Figure 1 shows a holistic approach to this project. At first, safest routes are considered for children to reach the bus stop. When a child reaches the bus stop, an alert light is automatically turned on at the bus stop. When the bus reaches the bus stop to pick up the child, a warning sign in the bus is turned on. During the journey towards the school, the children are notified to put the seat belts on. Also, audiovisual information is provided about the destination before reaching the school. Once the bus reaches the school stop, a warning notification light is turned on in the bus and the bus stop is also turned on. Finally, on arrival at the school, a notification message is sent to parents.
Atsushi et al., proposed a safety support system through ad-hoc network formed using mobile phones to increase the safety of children when walking between bus stops and home [44] . Volunteers who maintain safety in the local community assist the children when walking between home and bus stop. Both the volunteers and children are provided with mobile phones which facilitate the Bluetooth function. A safety support mobile application is installed on these mobile phones. Bluetooth poles are placed at even distance intervals between the home and bus stop. When children's and volunteer's mobile phones come into contact with these poles, the mobile application automatically connect them. The volunteer's mobile application obtains information about the exact location of the child and shares it with the parents and caretakers. A warning message is sent to parents and volunteers if any abnormalities like deviating from the normal path are found. 
Functions of ISTSs
School transportation systems have been evolving in the past decades. ISTSs were developed due to recent advancements in route planning systems [6] , [12] , [23] , [29] - [33] , [35] - [37] , school vehicle-student tracking and monitoring systems [8] , [18] , [38] - [43] . Figure 2 shows the functions of a typical ISTS. Each ISTS function applies its own methods to find the best solutions [6] , [7] , [8] , [12] , [17] , [21] for the challenges in each function. For instance, GPS [39] and RFID [18] tags are used for vehicle and student tracking. However, providing an accurate and a non-intrusive service at all time is challenging [7] . 
Route planning systems
In schools, manual route planning is an intensive task and it consumes a considerable amount of time for selecting appropriate safety routes, as well as the number of busses required for a route. Typically, school transportation departments perform manual route planning at the beginning of each term due to the changes in the number of students using the service. To make this process more efficient, automated route planning systems are used. To avoid school bus routing problems, automated route planning systems utilize the following five steps sequentially: preparation of data, selection of bus stops, generation of school bus routes, adjustment of school bell time and scheduling of school bus routes [15] .
Data Preparation (DP)
Data for the next four sub problems (Bus Stop Selection (BSS), Bus Route Generation (BRG), School Bell Time Adjustment (SBTA) and Route Scheduling (RS) of school bus routing problem are created through data preparation. In this step, a dataset containing a single road network with student residence coordinates, the school constraints (start-end time of schools, maximum ride time, etc.), number of vehicles with seating plan and an Origin-Destination (OD) matrix are created. In an OD matrix, the shortest distance between the school location, student locations and the bus origin location are stored. Various shortest path algorithms and a geographic information system (GIS) are applied to calculate the OD matrix [17] . Performances of the shortest path algorithms are compared by Kim and Jeong and an approximation approach for the OD matrix generation is developed [20] . Thus, the dataset (students, schools, vehicles and OD matrix) created in the data preparation is used to prevent school bus routing problems.
Bus Stop Selection (BSS)
It is the process of selecting a number of school bus stops and assigning students to them. Bus stop selection can be done through heuristic approaches [29] , [36] , [37] or by exact methods based on mathematical programming [12] , [21] , [22] , [23] , [37] . The heuristic approach follows either the Location-Allocation-Routing (LAR) [15] , [24] , [25] , [26] or the Allocation-Routing-Location (ARL) [27] , [28] , [29] strategies. In LAR strategy, a set of bus stops for a school are selected first and the students are allocated to these bus stops based on the distance between the bus stop and their home. Once the children are assigned to these bus stops, the routes are generated. LAR strategy tends to create more routes since bus stop selection and children assignments are done before the route generation. ARL strategy overcomes the drawback of LAR by performing it in the opposite order. At first, children are grouped into clusters with respect to vehicle capacity constraints. Subsequently, bus stops are selected and routes between each cluster are generated. Finally, the clusters are assigned to the bus stop by satisfying constraints such as maximum walking distance between home and bus stop, maximum number of children for a bus stop and minimum distance between each bus stop [17] .
Bus Route Generation (BRG)
School bus routes are generated by analysing the data gathered from the previous two processes. The route generation algorithms classified into either "routecluster" or "cluster-route" approaches [24] . In the "routecluster" approach, all the stops in a large route are built using the traveling salesman algorithm from which small routes are partitioned based on the constraints [14] , [24] .
In the "cluster-route" approach, students are grouped into clusters and each cluster is served as a route satisfying the constraints [25] , [27] , [28] . The constraints that are categorized to minimise school bus routing problem are represented in Table 1 
School Bell Time Adjustment (SBTA)
It has performed for schools where the start and end times are not considered as constraints but as decision variables. This is to identify the optimal start and end time to reduce the number of buses used [17] .
Route Scheduling (RS)
The start and end times for each route are scheduled through route scheduling using a series of routes that can be visited successfully by the same bus. SBTA and RS are implemented when buses transport students from more than one school. Minimisation of school bus routing problems is performed based on the nature of the underlying problem characteristics as follows; the number of schools: single (vehicle serves only one school) [35] or multiple (vehicle serves more than one school) [37] ; fleet type: homogeneous (vehicles seating capacity remains the same) [23] or heterogeneous (vehicles seating capacity varies) [37] ; service type: rural [31] or urban [30] ; [17] . Table I also represents a comparison of methods applied by various researchers since 2010 for reducing school bus routing problems. For the work done before 2010, Park and Kim in [17] provide a comprehensive review of school bus routing problem.
School vehicle tracking and monitoring systems
School vehicle tracking is similar to common vehicle tracking which involves the use of GPS devices to track the vehicle. A GPS device in the school vehicle automatically provides updates of its location coordinates to a cloud server, which process and plots these coordinates on a virtual map. This map can be accessed by the stakeholders (transport department and parents) for information about the location of the school vehicle. School vehicle tracking systems can be utilized for two purposes: location tracking and vehicle behaviour monitoring
Vehicle Location Tracking (VLT)
The most commonly applied technology for position tracking systems is GPS. Grounded along the tracking nature, location tracking can be classified as real-time tracking [39] and lag-time tracking [38] . In real-time tracking, the location sensor in the vehicle (GPS) frequently updates a server in the real-time [39] , [40] . In lag-time tracking, an active RFID unit in the vehicle communicates with the bus stop when it reaches near it and through that the vehicle is tracked [38] . [39] RFID SLT Passive To track and monitor the student during their trip to and from school on school bus Huang et al., 2014 [8] GPS/Bluetooth SLT Active To develop a mobile based child security monitoring system in school travel Anwaar et al., 2015 [42] RFID SLT, IVA Passive To track the student location and monitoring bus boarding times Peter et al., 2015 [43] GPS/Heart rate SLT, HM Passive To monitor the student physical activities from school to home travel
Vehicle-Driver Behaviour Monitoring (VDBM)
It is used to detect the vehicle and driver behaviour to find the vehicle Estimated Time of Arrival (ETA) and rash driving. This is accomplished through various speed sensors on the vehicle like accelerometer along with GPS [40] . Table II shows characteristics of school vehicle tracking and monitoring systems. The main focus in the table is the different types of vehicle tracking systems used in ISTS.
Student tracking and monitoring systems
Similar to bus tracking, student tracking also employs similar technologies which are used to traverse the accurate placement of students. RFID is commonly employed for student tracking [42] . The student tracking system can be classified into two types: location tracking and health monitoring.
Student Location Tracking (SLT)
The most common technique used for student location tracking is the utilization of RFID tags. RFID tags can show the nature of tracking. There are two types: active and passive RFID [39] . An active RFID tag has its own power source. Passive RFID have a chip embedded, which withdraws power from the RFID scanner that emits electromagnetic waves. Students are also tracked using GPS embedded devices [8] , [41] which share their location with all the stakeholders (i.e) school authority, bus drivers and parents. In-Vehicle Attendance (IVA) is part of the student tracking system in which the presence of students is determined through RFID tags. The school bus with a RFID reader is used to read student' tag [42] . When a student enters the vehicle, it is automatically recorded and it is considered as active registration. If a student manually registers, it is considered as passive registration.
Health Monitoring (HM)
Health is an important factor for student monitoring. It not only helps the parents to understand their children's attentiveness but also helpful during emergencies. Health monitoring is performed through a heart rate sensor which is worn by the student [43] . Table III represents the characteristics of school student tracking and monitoring systems. The table shows different types of student tracking systems used in ISTS.
ISTS challenges
The implementation of various technologies (route planners, trackers, monitors) in the school transportation systems comes with many challenges which have to be resolved for the welfare of school children. A real-time school bus routing system has to be efficient and safe enough to transport the children. But considering all the safety aspects, selecting the school bus route is a challenging task. The routing problems get more complex when the nature of the problem changes (e.g. single school to multiple schools). Moreover, the safety aspects considered have to be easy to embed into the existing routing system without compromising performance. For an example, in [45] the energy consumption of vehicles is considered as one of the constraint for the route and it is directly added to the routing software without reducing the performance of the existing system. Dynamic traffic navigation (re-routing) will be of progressive importance in future years [46] . Implementing an efficient and dynamic traffic safety routing in urban school transportation is a challenging task. Tracking the school vehicle in real-time without the GPS network lag is important. The vehicle tracker lets the parents and children to comfortably plan their journey to the bus stop. A recent study on improving GPS-based vehicle positioning [47] stated that the GPS technology based conventional localization techniques are not able to provide reliable and accurate positioning in all situations. Also, providing real-time access to the stakeholders without network latency is a challenging task. Smartphone based vehicle-driver monitoring [50] , [51] may improve the existing school bus tracking system because of the embedded sensors they use and the easy implementation. However, customizing it for school bus transportation by considering all safety characteristics will be challenging. Many student tracking systems have been developed in which mostly employ radio frequency based devices. Recent studies in radiation exposure [48] , [49] reported that children are more likely to be vulnerable than healthy adults to radio frequency electromagnetic radiation. So the development of children tracking system with less or no radiation based methods will reduce the risk of a child's vulnerability towards radiations which is challenging.
Conclusion and future directions
Millions of people use school transportation in their daily lives. Children are seen as vulnerable users of the road and there is demand for safe school transportation organizations. Several technologies have been evolved to increase safety and to avoid fatal injuries to children to and from school. This paper presented a review of major technologies and approaches used in school transportation, including route planning systems, vehicle -student monitoring and tracking systems. Each category is reviewed and a comparison was made between different systems. The existing systems suffer from many limitations. Safety levels of the existing systems can be improved in several ways. Proper safety frameworks are required to avoid unexpected and fatal child injuries. The comparison made between routing problems in this study reveals that, most of the existing literatures focus on the economy and the shortest routes to carry students, but they do not regard the safety aspects of the routes as precedence. Identification of vulnerable routes and safety of the routes should be considered in future systems. GPS is commonly utilized in most of the school bus tracking systems. Tracking the school bus in real-time without network latency is important. Improvement in GPS accuracy and reduction in network latency can enhance the efficiency and reduce safety risks in school transportation. Tracking the driving behaviour of school bus drivers can help transportation departments to take the necessary action, thereby enhancing the quality of transportation.
Development of radiation free devices for school children tracking systems will reduce children expose to radiation. We aim to propose a framework for safe route planning and tracking of school transportation with improved safety and a reduced risk of accidents.
